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Ldb1-Mediated Complexes: A Transcriptional Paradigm That Establishes
and Maintains Pancreatic Endocrine Cell indentity
Abstract
LIM-domain-binding protein 1 (Ldb1) and the LIM-Homeodomain factor (LIM-HD) Islet-1 (Isl-1) share a
robust functional relationship in directing differentiation of developmental progenitor populations. However,
their mechanistic role in terminally differentiated cells is uncharacterized. In the developing endocrine
pancreas, conditional ablation of either Isl-1 in the pancreatic epithelium or Ldb1 in the Pax6+ pancreatic
endocrine progenitors suspended pancreatic endocrine differentiation. In light of their functional requirement
in the developing endocrine pancreas, both factors remain ubiquitously enriched in the distinct, terminally
differentiated endocrine cell-types that comprise the adult endocrine pancreas. To determine the requirement
for Ldb1 and Isl-1 in the mature pancreatic β-cell, I combined physiological characterization of inducible, β-
cell-specific loss-of-function mice with high-throughput cistromic and transcriptomic analyses. Ldb1 and Isl-1
were required for maintaining the glucose homeostatic role of the mature β-cell as well as the terminally
differentiated status of the β-cell. Consistent with the established mechanistic relationship between Ldb1 and
Isl-1 in progenitor populations, Ldb1 and Isl-1 were co-enriched throughout the β-cell genome. Comparison
of our islet- and insulinoma-based cistromic data sets with the glucagonoma Isl-1 cistrome revealed
differential enrichment of Isl-1 between the immortalized murine α- and β-cell lines; this differential
enrichment may underlie the distinct terminal identities of α- and β-cells. Contextualized through the broader
role of Ldb1-mediated complexes in directing cell fate decisions, my findings in the mature β-cell indicate that
Ldb1-mediated complexes are likely responsible for directing and maintaining the terminal differentiation
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Isl-1 is essential for the survival and ensuing differentiation of pancreatic endocrine progenitors. Isl-1 
remains expressed in all adult pancreatic endocrine lineages; however, its specific function in the postnatal 
pancreas is unclear. Here we determine whether Isl-1 plays a distinct role in the postnatal β-cell by 
performing physiological and morphometric analyses of a tamoxifen-inducible, β-cell-specific Isl-1 loss of 
function mouse: Isl-1L/L; Pdx1-CreERTm. Ablating Isl-1 in postnatal β-cells reduced glucose tolerance 
without significantly reducing β-cell mass or increasing β-cell apoptosis. Rather, islets from Isl-1L/L; Pdx1-
CreERTm mice showed impaired insulin secretion. To identify direct targets of Isl-1, we integrated high-
throughput gene expression and Isl-1 chromatin occupancy using islets from Isl-1L/L; Pdx1-CreERTm mice 
and βTC3 insulinoma cells, respectively. Ablating Isl-1 significantly affected the β-cell transcriptome, 
including known targets Insulin and MafA as well as novel targets Pdx1 and Slc2a2. Using ChIP-Seq and 
luciferase reporter assays we found that Isl-1 directly occupies functional regulatory elements of Pdx1 and 
Slc2a2. Thus, Isl-1 is essential for postnatal β-cell function, directly regulates Pdx1 and Slc2a2, and has a 
mature β-cell cistrome distinct from that of pancreatic endocrine progenitors. 
   48 
INTRODUCTION 
Compromised pancreatic β-cell function is a critical factor underlying the onset of diabetes 
mellitus (Weir and Bonner-Weir 2004). β-cell functional capacity is regulated by extrinsic signaling 
pathways and an intrinsic network of transcription factors (Melloul, et al. 2002; Prentki and Nolan 2006). It 
is established that β-cell-specific transcription factors like MafA and Pdx1 are essential components of this 
intrinsic transcriptional network (Ahlgren, et al. 1998; Artner, et al. 2010; Babu, et al. 2007; Hang and Stein 2011). It is less clear how pan‐endocrine transcription factors like Islet‐1 (Isl‐1) affect postnatal β‐cell function. These factors are expressed in all postnatal pancreatic endocrine cell types, suggesting roles 
in general endocrine function, cell-type-specific physiology, or both. The majority of in vivo studies 
investigating pan-endocrine transcription factors have conditionally ablated their respective genes prior to 
maturation of the pancreatic endocrine compartment (Ashery-Padan, et al. 2004; Du, et al. 2009; Gierl, et 
al. 2006; Smith, et al. 2010). As a result, it remains unclear whether these factors have unique functional 
roles in the endocrine cell types of the postnatal pancreas. To this point, a recent study demonstrated that 
the pan-endocrine factor NeuroD1 is necessary for maintaining functional maturity of mouse β-cells (Gu, et al. 2010). Given these findings, Isl‐1 and other pan‐endocrine transcription factors may have functional roles in the postnatal β‐cell distinct from their well‐established developmental roles. 
Isl-1 is a Lin11 Isl-11 Mec-3 (LIM)-Homeodomain factor that is essential for the genesis of the 
dorsal pancreatic bud at E9.5, survival of Pax6+ endocrine progenitors at E13.5, and the ensuing maturation 
of α-, β-, δ-, and pancreatic polypeptide (PP)-cells (Ahlgren, et al. 1997; Du, et al. 2009). Isl-1 was 
identified as an insulin enhancer binding protein (Karlsson, et al. 1990) and subsequently shown to directly 
interact with NeuroD1 to promote insulin expression (Zhang, et al. 2009). While Isl-1 expression is 
conserved in a variety of adult neuroendocrine cell-types (Thor, et al. 1991), many of the identified Isl-1 
target genes are associated with pancreatic endocrine function including IAPP, Sst, Gcg, and Kcnj11/Kir6.2 
(Du, et al. 2009; Hashimoto, et al. 2005; Hunter, et al. 2013; Leonard, et al. 1992; Wang and Drucker 
1995). In adult mouse β-cells, Isl-1 was identified as a key downstream target of Leptin-induced Janus 
Kinase (JAK) Signal Transducer and Activator of Transcription 3 (STAT3) signaling (Chen, et al. 2013). Recently, a transgenic mouse with islet‐specific over‐expression of Isl­1 displayed improved β-cell 
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function (Liu, et al. 2012).  Interest in the mechanisms whereby Isl-1 regulates postnatal β-cell function is 
further raised by Type 2 diabetes mellitus (T2DM) linkage and genome-wide association studies that 
identified genetic markers in the chromosomal region encompassing the ISL-1 locus (Ehm, et al. 2000; 
Shimomura, et al. 2000; Wiltshire, et al. 2001; Yokoi, et al. 2006).  
Despite genetic links to T2DM in humans and evidence that Isl-1 regulates key genes associated 
with pancreatic function, the in vivo requirement for Isl-1 in postnatal β-cell function has not been 
thoroughly investigated. Here, we derived an inducible, β-cell-specific, Isl-1 loss of function mouse. By 
combining microarray analysis of Isl-1 deficient islets with Isl-1 ChIP-Seq of βTC3 mouse insulinoma 
cells, we constructed the transcriptional network controlled by Isl-1 and identified novel gene targets 














Antigen Raised In Dilution Embedding Antigen Retrival Source 
Glucagon 
Guinea Pig 
(IgG) 1 to 3000 OCT/Paraffin 
Citrate Buffer pH 6.0; 
microwave Millipore (4031-01F) 
Glucagon Rabbit 1 to 3000 OCT/Paraffin 
Citrate Buffer pH 6.0; 
microwave Biodesign (D10221R) 
Glut2 Rabbit 1 to 500 OCT/Paraffin 
Citrate Buffer pH 6.0; 
microwave Chemicon (AB1342) 
Insulin Guinea Pig 1 to 1000 OCT/Paraffin 
Citrate Buffer pH 6.0; 
microwave Abcam (AB7842) 
Insulin Mouse 1 to 1000 OCT/Paraffin 




Isl-1/2 HD Mouse (IgG) 3-5µg/ml OCT/Paraffin 
Citrate Buffer pH 6.0; 
pressure cooker 
Hybridoma Bank UI 
(39.4D5-S) 
Isl-1 HD Mouse (IgG) 3-5µg/ml OCT/Paraffin 
Citrate Buffer pH 6.0; 
pressure cooker 
Hybridoma Bank UI 
(40.2D6-S) 
MafA Mouse (IgG) 1 to 1000 OCT/Paraffin 
Citrate Buffer pH 6.0; 
microwave Bethyl (A300-611A) 
Nkx6.1 Mouse (IgG) 1 to 50 OCT/Paraffin 
Citrate Buffer pH 6.0; 
microwave 
Hybridoma Bank UI 
(F55A12-C) 
Somatostatin 
(D20) Goat (IgG) 1:250 Paraffin 
Citrate Buffer pH 6.0; 




Raised against Raised in Conjugate Dilution Source 
Mouse IgG Horse Biotin 1 to 100 Vector Laboratories (BA-2001) 
Guinea Pig IgG Goat Biotin 1 to 200 Vector Laboratories (BA-7000) 
Guinea Pig IgG Donkey Cy3 1 to 500 
Jackson ImmunoResearch (706 165 
148) 
Guinea Pig IgG Donkey Cy2 1 to 500 
Jackson ImmunoResearch (706 485 
148) 
Rabbit IgG Donkey Cy3 1 to 500 
Jackson ImmunoResearch (711 165 
152) 





Name Forward Primer (5' to 3') Reverse Primer (5' to 3') Use 
Actin GCA AGT GCT TCT AGG CGG AC 
AAG AAA GGG TGT AAA ACG CAG 
C qPCR 
Hprt GGC CAG ACT TTG TTG GAT TTG TGC GCT CAT CTT AGG CTT TGT qPCR 
Amylase CTT GTG GCA ATG ACT GGG TCT GCT GAC CAT TGA CCA CAT TCC qPCR 
Pc2 AGG CAG CTG GCG TGT TTG GAA GCT GGT TCC GCT TGG A qPCR 
Insulin1 AGG ACC CAC AAG TGG AAC AAC GTG CAG CAC TGA TCC ACA ATG qPCR 
Islet-1 (Exon4) GCG CTC ATG AAG GAG CAA CTA TGA TGC TGC GTT TCT TGT CC qPCR 
MafA GAG GAG GTC ATC CGA CTG AAA GCA CTT CTC GCT CTC CAG AAT qPCR 
Pdx1 CTT AAC CTA GGC GTC GCA CAA GAA GCT CAG GGC TGT TTT TCC qPCR 
Slc2a2 GCA ACT GGG TCT GCA ATT TT CCA GCG AAG AGG AAG AAC AC qPCR 
PEPCK 
CAA CAG GCA GGG TCA AAG TTT 
AG AGG CCT CAG GCC CCT CTA T ChIP-qPCR 
Pdx1 Area I TGC CTG CAA AAC CAC TAA GA GAG GTA CCC TGC CTC CTC TC ChIP-qPCR 
Pdx1 Area II ATG AAG CGT CGA GAT GGA AG CAC CCC AGG ATG TTT GCT TA ChIP-qPCR 
Pdx1 Area III CCG AGG AGA TAG CAT CGA GT ATC TCT ACA GGC CTG CCT CA ChIP-qPCR 




Pdx1 Enhancer HBE Enumeration dsDNA Oligonucleotide* 
Area I 1 TATCAGGACGTCCTGCTAATAAAAGACT 
Area I 2 ACTGTCCACAGTATAATTGGTTTACAG 
Area I 3 TCTTGCCTAATGGCTGGGTATCTCAGA 
Area I 4 GTATCACCCATAATGGATTTAGCCACCT 
Area I 5 TATGTAACCATTAGCCAAATCAAAAG 
Area II 1 GTGAGAATTTATTTATTTGTTTCCTGTGAAAA 
Area II 2 GCAAAAATATTAAATGGGAATAAAT 
Area II 3 AATGCATGCAATTAGACCAGAAGTGCTAA 
Area II 4 TAGGTAGATTATCTGTGAGGGTCAACA 
Area IV 1 CGTTTTTTTCTATTAAGAATGATTTTTTG 
Area IV 2 GAATTAAGTGGAATTAGCTAACAAATTATATA 
Area IV 3 GCATTAAGGTCCTCGTTAATGGTCC 
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